
 
 

desorption efficiencies were .% at .% at  M HCl. The results elucidated that spent CCP was suitable 
to deposit in secure landfill because Pb+ and Cd+adsorbed could be released very low.  Finally, using of 
CCP are adsorbents as waste utilization, waste management, and eco-friendly approach. 
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Introduction 
As a result of rapid industrialization, toxic metals 
and metalloid such as cadmium, lead, chromium, 
mercury, arsenic and copper are released into the 
environment resulting in damage in ecosystems 
and human health. Lead uses many industries 
such as acid battery manufacturing, metal plating 
and finishing, printing, photographic materials, 
explosive manufacturing, and tetraethyl lead 
manufacturing, and ceramic and glass industries. 
The main sources of lead in water are the 
effluents of processing industries. Lead poisoning 
in humans causes severe damage to the kidney, 
nervous system, reproductive system, liver, and 
brain and causes sickness or death. Severe 
exposure to lead has been connected with 
sterility, abortion, stillbirths, and neonatal death-. 
In the other hand, cadmium ion (Cd+) may be 
found in wastewater discharges from the 
electroplating industry, the manufacture of nickel–
cadmium batteries, fertilizers, pesticides, pigments 
and dyes and textile operations-7. The serious 
incident of itai-itai disease in Japan was due to 
cadmium ions. The harmful effects of Cd+ ions 
are renal damage, hypertension, proteinuria, 
kidney stone formation and testicular atrophy. 
Cd+ ions may replace Zn+ ions in some 
enzymes, thereby affecting the enzyme activity8-9. 
Because of its effects, many scientists and 
researchers have used various techniques for 
reducing lead from wastewater including chemical 
precipitation,, coagulation, membrane,, 
electrodialysis, or adsorption. Among these 
techniques, adsorption has been proposed as a 

cost-effective method. However, activated carbon 
which is widely used as an effective adsorbent in 
many applications is relatively expensive and use 
high energy in the preparation process because it 
is usually prepared at more than C7,8. Thus, 
agricultural wastes such as leaves of date trees9, 
Euphorbia rigida, coffee grounds and wheat 
straw, saw dust, coir pith, and rice husk 
have been interested to use for Pb+ or Cd+ 
adsorption. In this research, researchers use CCP 
to be adsorbent. CCP is a lignocelluloses 
materials which normally contains a variety of 
organic compounds (lignin, cellulose and 
hemicelluloses) and functional groups (hydroxyl 
and carboxylic). Thus, this research investigated 
adsorption of Pb+ and Cd+ using coconut. In the 
research, adsorption factors as pH, contact time, 
initial Pb+ and Cd+ concentration, and 
temperature were studied and theirs results were 
analyzed to study adsorption isotherms and 
kinetics. Finally, desorption was investigated to 
determine the appropriate method for spent 
adsorbent management.  
 

Material and Methodology 
Preparation of Pb2+ and Cd2+ solution 
Lead nitrate (Pb(NO)) . g was dissolved in 
distilled water and adjusted to be , mL.  In 
the other hand, Cadmium nitrate (Cd(NO).HO) 
.7 g was dissolved in distilled water and 
adjusted to be , mL. For this purpose, the 
concentration of Pb+ and Cd+ solution was , 
mg/L as the main or stock solution which was 
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บทคดัย่อ 
งานวจิยัน้ีเป็นการศึกษาการดูดซบัไอออนของตะกัว่และแคดเมยีมจากสารละลายโดยใช้ขุยมะพรา้ว ผลการศึกษา 
พบว่า สภาวะที่เหมาะสมในการดูดซบั คอื ที่ค่า pH เท่ากบั 5 ระยะเวลาสมัผสั 30 นาท ีความเขม้ขน้ของสารละลาย
โลหะหนักเริ่มต้น 50 มิลลิกรมัต่อลิตร และอุณหภูมิ 30 องศาเซลเซียส ผลการทดลองสอดคล้องกับแลงเมียร ์                      
ไอโซเทอรม์แสดงใหเ้หน็วา่การดดูซบัตะกัว่และแคดเมยีมอยูใ่นรปูแบบการดดูซบัแบบชัน้เดยีว ทีม่คีวามสามารถในการ
ดูดซบัสูงสุดที่ 10.5 และ 5.1 มลิลกิรมัต่อลติร ตามลําดบั และผลการศกึษาจลนศาสตร์พบว่า สอดคล้องกบัสมการ 
pseudo-second-order แสดงว่า ขัน้ตอนการดดูซบัทางเคมเีป็นขัน้ตอนทีค่วบคุมอตัราการเกดิปฏกิริยิาทีม่ผีลต่อกลไก
การดูดซับตะกัว่และแคดเมียมที่เกิดขึ้น นอกจากน้ี ประสิทธิภาพการคายซับตะกัว่และแคดเมียของขุยมะพร้าว                      
มคี่าเท่ากบัรอ้ยละ 4.56 และ 5.22 เมื่อใชส้ารละลายกรดไฮโดรคลอรกิเขม้ขน้ 1 โมลาร ์ซึ่งแสดงว่าขุยมะพรา้วที่ผ่าน
การ  ดดูซบัเหมาะสมทีจ่ะถูกนําไปฝงักลบอยา่งปลอดภยั เน่ืองจากโอกาสจะปลดปล่อยลงสูส่ ิง่แวดลอ้มตํ่า จากผลการ
ทดลองทัง้หมด สามารถสรุปได้ว่า การใช้ขุยมะพรา้วเป็นตวัดูดซบัจดัเป็นการใช้วสัดุเหลอืทิ้งที่มปีระโยชน์ เป็นการ
จดัการวสัดุเหลอืทิง้ และเป็นแนวทางทีเ่ป็นมติรกบัสิง่แวดลอ้ม 
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Abstract 
This research investigated the adsorption of lead and cadmium ions from aqueous solution using coconut coir 
pith (CCP). The results indicated that the optimal condition consisted of pH ,  minutes of contacting time, 
 mg/l of initial concentration, and oC of temperature. The experimental data were well fitted with 
Langmuir isotherm. It explained that Pb+ and Cd+ adsorbed in form of monolayer. The adsorption maximum 
capacities of CCP were . mg/g and . mg/g of Pb+ and Cd+, respectively. Then, adsorption kinetics 
was suitable to explain using pseudo-second-order model. The results intended that the mechanism of Pb+ 
and Cd+ adsorption by CCP depend on the rate controlling step due to chemical sorption. In addition, 
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As a result of rapid industrialization, toxic metals 
and metalloid such as cadmium, lead, chromium, 
mercury, arsenic and copper are released into the 
environment resulting in damage in ecosystems 
and human health. Lead uses many industries 
such as acid battery manufacturing, metal plating 
and finishing, printing, photographic materials, 
explosive manufacturing, and tetraethyl lead 
manufacturing, and ceramic and glass industries. 
The main sources of lead in water are the 
effluents of processing industries. Lead poisoning 
in humans causes severe damage to the kidney, 
nervous system, reproductive system, liver, and 
brain and causes sickness or death. Severe 
exposure to lead has been connected with 
sterility, abortion, stillbirths, and neonatal death-. 
In the other hand, cadmium ion (Cd+) may be 
found in wastewater discharges from the 
electroplating industry, the manufacture of nickel–
cadmium batteries, fertilizers, pesticides, pigments 
and dyes and textile operations-7. The serious 
incident of itai-itai disease in Japan was due to 
cadmium ions. The harmful effects of Cd+ ions 
are renal damage, hypertension, proteinuria, 
kidney stone formation and testicular atrophy. 
Cd+ ions may replace Zn+ ions in some 
enzymes, thereby affecting the enzyme activity8-9. 
Because of its effects, many scientists and 
researchers have used various techniques for 
reducing lead from wastewater including chemical 
precipitation,, coagulation, membrane,, 
electrodialysis, or adsorption. Among these 
techniques, adsorption has been proposed as a 

cost-effective method. However, activated carbon 
which is widely used as an effective adsorbent in 
many applications is relatively expensive and use 
high energy in the preparation process because it 
is usually prepared at more than C7,8. Thus, 
agricultural wastes such as leaves of date trees9, 
Euphorbia rigida, coffee grounds and wheat 
straw, saw dust, coir pith, and rice husk 
have been interested to use for Pb+ or Cd+ 
adsorption. In this research, researchers use CCP 
to be adsorbent. CCP is a lignocelluloses 
materials which normally contains a variety of 
organic compounds (lignin, cellulose and 
hemicelluloses) and functional groups (hydroxyl 
and carboxylic). Thus, this research investigated 
adsorption of Pb+ and Cd+ using coconut. In the 
research, adsorption factors as pH, contact time, 
initial Pb+ and Cd+ concentration, and 
temperature were studied and theirs results were 
analyzed to study adsorption isotherms and 
kinetics. Finally, desorption was investigated to 
determine the appropriate method for spent 
adsorbent management.  
 

Material and Methodology 
Preparation of Pb2+ and Cd2+ solution 
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adjusted to be , mL. For this purpose, the 
concentration of Pb+ and Cd+ solution was , 
mg/L as the main or stock solution which was 
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may be expressed in terms of equilibrium 
parameter RL, which is a dimensionless constant 
referred to as separation factor or equilibrium 
parameter.  
 

    RL = /(+(+bCi))                  () 
  

Where: b = the constant related to the energy of 
adsorption (L/mg), and RL value indicates the 
adsorption nature to be either unfavourable if 
RL>, linear if RL =, favourable if < RL< and 
irreversible if RL=.  

Freundlich Adsorption Isotherm is 
commonly used to describe the adsorption 
characteristics or the heterogeneous surface. 
These data often fit the empirical equation 
proposed by Freundlich:     

  

  qe = KfCe
/n      (7)      

         log qe = log Kf + /n log Ce    (8) 
 

Where Kf = Freundlich isotherm constant (mg/g) 
and n = adsorption intensity. The constant Kf is an 
approximate indicator of adsorption capacity, while 
/n was a function of the strength of adsorption in 
the adsorption process. If n =  then the partition 
between the two phases are independent of the 
concentration. If value of /n is below one it 
indicates a normal adsorption. On the hand, /n 
being above one indicates cooperative adsorption.  
 

Adsorption Kinetics26 

Adsorption kinetics of Pb+ and Cd+ onto CCP 
was studied using pseudo-first-order and pseudo-
second-order kinetic equations according to 
equation (9) and (), respectively. 
 

    log (qe - qt) = logqe – (k/.) t     (9)  
 

Where qt (mg/g) are the amount of metal ion 
adsorbed on CCP at time t (min). k (/min) is the 
pseudo-first-order rate constant 
 

/qt = (/kqe
) – (/qe) t             () 

 

Where k (g/mg.min) is the rate constant.  
 

Results and Discussion 
Effects of pH on Pb2+ and Cd2+ adsorption 
The acidity of solution pH is one of the most 
important parameters controlling the uptake of 
heavy metals from wastewater and aqueous 
solutions. The uptake and percentage removal of 
Pb+ and Cd+ from the aqueous solution are 
strongly affected by the pH of the solution as 
illustrated in Figure . 
 

 

 
Figure 4 Effects of pH on adsorption 

efficiency 
 

 
 
 
 
 

Figure 2 Effects of pH on adsorption efficiency  
 

From this graph, the lower percentage 
removal of Pb+ and Cd+ at a low pH is due to 
the low number of deprotonated sites, providing a 
smaller number of sites for the adsorption of Pb+ 
and Cd+7. Moreover, at lower pH, the presence 
of excess H+ ions in the solution competes with 
Pb+ and Cd+ ions for the adsorption sites.              
The former are adsorbed more than the latter 
owing to the high concentration and high mobility 

 
 

contained to container for using in all experiments. 
Then, the other Pb+ and Cd+ concentrations 
were prepared by diluting the main solution. 
Furthermore, . M HNO and . M NaOH were 
used to adjust pH of solution. All used chemicals 
were in AR grade. It is important to note that all 
the experiments were triplicate. 
 

Preparation of coconut coir pith 
Coconut coir pith was a by-product from coconut 
milk community industries in Maha Sarakham, 
Thailand. It was washed by distilled water until pH 
of effluent water equal to influent water for 
removing contaminated substances. Then, 
washed coconut coir pith was dried in oven at   
 C for  hours. Finally, dried coconut coir 
pith is contained in a container for using in all 
experiments.  
 

Adsorption experiments  
All batch adsorption experiments were carried out 
in a  mL flask containing  mL the solution        
in an incubator shaker with a shaking speed of 
 rpm. For each treatment, . g ( g/L) of 
adsorbents was added and shaken for specified 
period. The concentrations of metal ion were 

determined by Atomic Absorption Flame Emission 
Spectrophotometer (AAS) (model AA-, 
Shimadzu) at 8. nm for Pb+ and 8.8 nm for 
Cd+. The adsorption efficiency and capacity was 
calculated according to the equation () – (). 
Furthermore, desorption efficiency was 
determined according to the equation () 
 

Adsorption efficiency (%) 
 = ((CI – Cf)/m) × %                           () 
Adsorption capacity (mg/g)  
= (Ci – Cf)/m) × V                            () 
Desorption efficiency (%)  

= {[Ce- (Ci – Cf)]/(Ci – Cf)} × %     () 
 

Where Ci = the initial concentration of metal ion in 
the solution (mg/L), Cf = the residual metal ion 
concentration, Ce = the equilibrium metal ion 
concentration, and V = the volume of metal ion 

(L), and m was the amount of adsorbent used 
(CCP) (g) 

The adsorbent (CCP) were used to study 
the effects of pH (. – 7.), contact time (, , 
, , , , ,  and  min), initial 
metal ion concentration (, , ,  and  
mg/L) and temperature (C, C, and C). 
The pH was adjusted using . M HNO and . 
M NaOH  

Isotherm experiments were conducted 
with different initial metal ion concentrations ( – 
 mg/L) for equilibrium time. The experiments 
were carried out at different temperatures of C, 
C, and C, respectively. The experimental 
data was fitted into the following isotherms: 
Langmuir and Freundlich. 
 The Langmuir isotherm is valid for 
monolayer adsorption onto a surface containing a 
finite number of identical sites. The model 
assumes uniform energies of adsorption onto the 
surface and no transmigration of adsorbate in the 
plane of the surface. Based upon these 
assumptions, Langmuir represented the following 
equation:  
 

                 Ce/qe = (/qm) Ce + (/qmb)     () 
                 /qe  = (/qmb) Ce + (/qm)     ()  
 

Where: qe = the amount of metal adsorbed per 
gram of the adsorbent at equilibrium (mg/g), qm = 
maximum monolayer coverage capacity (mg/g), 
and b = Langmuir isotherm constant (L/mg).                
The essential features of the Langmuir isotherm 
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may be expressed in terms of equilibrium 
parameter RL, which is a dimensionless constant 
referred to as separation factor or equilibrium 
parameter.  
 

    RL = /(+(+bCi))                  () 
  

Where: b = the constant related to the energy of 
adsorption (L/mg), and RL value indicates the 
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RL>, linear if RL =, favourable if < RL< and 
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Freundlich Adsorption Isotherm is 
commonly used to describe the adsorption 
characteristics or the heterogeneous surface. 
These data often fit the empirical equation 
proposed by Freundlich:     

  

  qe = KfCe
/n      (7)      

         log qe = log Kf + /n log Ce    (8) 
 

Where Kf = Freundlich isotherm constant (mg/g) 
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Adsorption Kinetics26 
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/qt = (/kqe
) – (/qe) t             () 

 

Where k (g/mg.min) is the rate constant.  
 

Results and Discussion 
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Figure 2 Effects of pH on adsorption efficiency  
 

From this graph, the lower percentage 
removal of Pb+ and Cd+ at a low pH is due to 
the low number of deprotonated sites, providing a 
smaller number of sites for the adsorption of Pb+ 
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The former are adsorbed more than the latter 
owing to the high concentration and high mobility 

 
 

contained to container for using in all experiments. 
Then, the other Pb+ and Cd+ concentrations 
were prepared by diluting the main solution. 
Furthermore, . M HNO and . M NaOH were 
used to adjust pH of solution. All used chemicals 
were in AR grade. It is important to note that all 
the experiments were triplicate. 
 

Preparation of coconut coir pith 
Coconut coir pith was a by-product from coconut 
milk community industries in Maha Sarakham, 
Thailand. It was washed by distilled water until pH 
of effluent water equal to influent water for 
removing contaminated substances. Then, 
washed coconut coir pith was dried in oven at   
 C for  hours. Finally, dried coconut coir 
pith is contained in a container for using in all 
experiments.  
 

Adsorption experiments  
All batch adsorption experiments were carried out 
in a  mL flask containing  mL the solution        
in an incubator shaker with a shaking speed of 
 rpm. For each treatment, . g ( g/L) of 
adsorbents was added and shaken for specified 
period. The concentrations of metal ion were 

determined by Atomic Absorption Flame Emission 
Spectrophotometer (AAS) (model AA-, 
Shimadzu) at 8. nm for Pb+ and 8.8 nm for 
Cd+. The adsorption efficiency and capacity was 
calculated according to the equation () – (). 
Furthermore, desorption efficiency was 
determined according to the equation () 
 

Adsorption efficiency (%) 
 = ((CI – Cf)/m) × %                           () 
Adsorption capacity (mg/g)  
= (Ci – Cf)/m) × V                            () 
Desorption efficiency (%)  

= {[Ce- (Ci – Cf)]/(Ci – Cf)} × %     () 
 

Where Ci = the initial concentration of metal ion in 
the solution (mg/L), Cf = the residual metal ion 
concentration, Ce = the equilibrium metal ion 
concentration, and V = the volume of metal ion 

(L), and m was the amount of adsorbent used 
(CCP) (g) 

The adsorbent (CCP) were used to study 
the effects of pH (. – 7.), contact time (, , 
, , , , ,  and  min), initial 
metal ion concentration (, , ,  and  
mg/L) and temperature (C, C, and C). 
The pH was adjusted using . M HNO and . 
M NaOH  

Isotherm experiments were conducted 
with different initial metal ion concentrations ( – 
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were carried out at different temperatures of C, 
C, and C, respectively. The experimental 
data was fitted into the following isotherms: 
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 The Langmuir isotherm is valid for 
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assumes uniform energies of adsorption onto the 
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plane of the surface. Based upon these 
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equation:  
 

                 Ce/qe = (/qm) Ce + (/qmb)     () 
                 /qe  = (/qmb) Ce + (/qm)     ()  
 

Where: qe = the amount of metal adsorbed per 
gram of the adsorbent at equilibrium (mg/g), qm = 
maximum monolayer coverage capacity (mg/g), 
and b = Langmuir isotherm constant (L/mg).                
The essential features of the Langmuir isotherm 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference634 MRC#12  

 

Effects of Initial Pb2+ and Cd2+ concentration 
and temperature 
This experiments were conducted with initial 
Pb+and Cd+concentration (, , ,  and  
mg/L) with a dose of  g/L CCP at  rpm and 
C,  C, and  C Figure  showed the 
effects of contact time on adsorption of Pb+and 
Cd+ using CCP. 
 

 
(a) 
 

 
 
 
 
 
 
 
 
 

 
(b) 

Figure 4 (a) and (b) Effects of initial Pb+ and 
Cd+ concentrations on CCP 
 

The figure elucidated that the adsorption 
capacity or the amount of Pb+ and Cd+ adsorbed 
per gram increased with the increase of initial 
Pb+ and Cd+ concentration. This increase could 
be due to an increase in electrostatic interactions 
(relative to covalent interaction), because the 
electrostatic field exits in around CCP particles. 
Moreover, it decreased with the increase of 
temperature so the adsorption of Pb+ and Cd+ 
were the exothermic reaction-. 
 

Adsorption Isotherms 
Adsorption isotherm experiments were conducted 
with different initial metal ion concentration ( – 
 mg/L) for equilibrium time. The experiments 
were carried out at different temperatures of C, 
C, and C, respectively. The experimental 
data was fitted into the following isotherms: 
Langmuir and Freundlich. The adsorption 
equilibrium constants were determined and 
displayed in Table  and  

 
 

 
 

of H+ ions, whereas in the higher pH range there 
are fewer competing H+ ions and the surface of 
the adsorbent may become negatively charged 
owing to higher deprotonation, which enhances 
the adsorption of positively charged Pb+ and Cd+ 
ions through electrostatic forces of attraction8.    
In both cases, the optimal pH was found to be , 
which was used for further adsorption experiments 
in the present study. At higher pH , Pb+ and 
Cd+ were transformed and precipitated in form of 
Pb(OH) and Cd(OH). Therefore, the results can’t 
discuss that they occurred from the effects of 
adsorption process only.  

 

Effects of contact time and concentration 
This experiments were conducted with two initial 
metal ion concentration ( and  mg/L) with a 
dose of  g/L CCP at rpm and C for , , 
 ,, , , , , and  minutes. Figure 
 elucidated the effects of contact time on 
adsorption of Pb+ and Cd+ using CCP 
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 (b) 
Figure 3 Effects of contact time on adsorption 

efficiency (a) Pb+ (b) Cd+ 
 

Adsorption rate of Pb+and Cd+ on CCP 
was found to be relatively much faster than those 
reported for some other bio-adsorbents. The rate 
of Pb+ removal was very rapid during the first  
min, and thereafter, the rate of removal remained 
constant. There was no significant increase in 
adsorption after about  min. Initially, there were 
large number of vacant active binding sites in 
CCP and consequently large amount of Pb+ and 
Cd+ ions were bound rapidly onto CCP. The 
binding site was shortly become limited and the 
remaining vacant surface sites are difficult to be 
occupied by ions due to the formation of repulsive 
forces between the copper on the solid surface 
and the liquid phase9.  At  minutes of contact 
time, adsorption rate is equal to desorption rate 
which this condition is “equilibrium condition”. 
Therefore, the equilibrium time is  minutes.      
In the addition, adsorption efficiency of each 
concentration was different. It can be conclude 
that the concentrations have effects to the 
adsorption. 
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in the present study. At higher pH , Pb+ and 
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reported for some other bio-adsorbents. The rate 
of Pb+ removal was very rapid during the first  
min, and thereafter, the rate of removal remained 
constant. There was no significant increase in 
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large number of vacant active binding sites in 
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Adsorption kinetics 
Adsorption kinetics of Pb+ and Cd+ onto CCP 
was studied using pseudo-first-order and pseudo-
second-order equations according to equation () 

- (8), respectively. Theirs results were showed in 
Table  
 

 

Table 4 Pseudo-first-order model and Pseudo-second-order model 

Adsorbent Pseudo-first-order model Pseudo-second-order model 
k1 

(1/min) 
qe 

(mg/g) 
R2 k2 

(g.mg1.min) 
qe 

(mg/g) 
R2 

Pb+ –  mg/L .9 .7 .989 .9 8.77 .999 
Pb+ –  mg/L .88 .9 .9 . . .99 
Cd+ –  mg/L .7 . . . . .998 
Cd+ –  mg/L . 7. .7 . . .9 

  
In Table , the results displayed that the 
experimental data fitted well with Pseudo-second-
order model. Therefore, it indicated that the 
mechanism of Pb+ and Cd+ sorption by CCP 
depend on the rate controlling step due to 
chemical sorption7. 

Desorption Study 
In this experiment, spent adsorbents from the 
optimal condition were leached by ., ., and 
. M HCl. The mixture between spent adsorbent 
and leaching solution was mixed at  rpm and 
C for  minutes. Desorption efficiency was 
calculated using equation () and the results was 
showed in Figure . This line graph elucidated 
that Pb+ and Cd+ on CCP could be released 
very low. Therefore, spent CCP was suitable to 
deposit in the secure landfill.  
 
 
 
 
 

 
 
 
 
 
 
 

 
              
 
 
 

Figure 5 Desorption efficiency of Pb+ and Cd+ 

on CCP 
 

Conclusion 
The results indicated that the optimal condition 
consisted of pH ,  minutes of contacting time, 
 mg/l of initial concentration, and oC of 
temperature. The experimental data were well 
fitted with Langmuir isotherm. It explained that 
Pb+ and Cd+ adsorbed in form of monolayer.   
The adsorption maximum capacities of CCP were 
. mg/g and . mg/g of Pb+ and Cd+, 

 
 

Table 1 Adsorption equilibrium constants obtained from Langmuir and Freundlich isotherms (Pb+) 

 
 

Temperature 
(0C) 

Langmuir  Constants Freundlich  Constants 
qm 

(mg/L) 
b 

(L/mg) 
R2 n 

Kf 
(mg/L) 

R2 

 . . .998 . .9 .987 
 9. .9 .997 . . .99 
 7. .9 .97 .7 .98 .99 

 

Table 2 Adsorption equilibrium constants obtained from Langmuir and Freundlich isotherms (Cd+) 

 
 

Temperature 
(0C) 

Langmuir  Constants Freundlich  Constants 
qm 

(mg/L) 
b 

(L/mg) 
R2 

n 
Kf 

(mg/L) 
R2 

 .99 .78 .9 . .8 .979 
 . . .87 . . .97 
 .78 .9 .8 .7 . .98 

 

The conditions might coexist under the 
experimental conditions, but monolayer adsorption 
was more dominant. Moreover, qm decreased of 
the increasing of the temperature. Therefore, the 
adsorption process of Pb+ and Cd+ using CCP is 

exothermic reaction. In Comparing the maximum 
capacity of Pb+ and Cd+  removal with the 
previous study (shown in Table ), CCP was one 
of adsorbents which is interesting. 

 

Table 3 Comparison of the maximum Pb+ and Cd+ adsorption capacity (qm) of various adsorbents 

Absorbent Adsorbate qm  
(mg/g) 

Reference 
Pb2+ Cd2+ 

Okra wastes /  .7 [] 
Almond shells /   [] 
Luffa cylindica Fiber /  . [] 
Coconut coir pith /  . This research 
Sawdust  / .7 [7] 
Baggasse fly ash  / .9 [8] 
Olive cores  / 7.7 [9] 
Coconut coir pith  / . This research 
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Adsorption kinetics of Pb+ and Cd+ onto CCP 
was studied using pseudo-first-order and pseudo-
second-order equations according to equation () 

- (8), respectively. Theirs results were showed in 
Table  
 

 

Table 4 Pseudo-first-order model and Pseudo-second-order model 

Adsorbent Pseudo-first-order model Pseudo-second-order model 
k1 

(1/min) 
qe 

(mg/g) 
R2 k2 

(g.mg1.min) 
qe 

(mg/g) 
R2 

Pb+ –  mg/L .9 .7 .989 .9 8.77 .999 
Pb+ –  mg/L .88 .9 .9 . . .99 
Cd+ –  mg/L .7 . . . . .998 
Cd+ –  mg/L . 7. .7 . . .9 

  
In Table , the results displayed that the 
experimental data fitted well with Pseudo-second-
order model. Therefore, it indicated that the 
mechanism of Pb+ and Cd+ sorption by CCP 
depend on the rate controlling step due to 
chemical sorption7. 

Desorption Study 
In this experiment, spent adsorbents from the 
optimal condition were leached by ., ., and 
. M HCl. The mixture between spent adsorbent 
and leaching solution was mixed at  rpm and 
C for  minutes. Desorption efficiency was 
calculated using equation () and the results was 
showed in Figure . This line graph elucidated 
that Pb+ and Cd+ on CCP could be released 
very low. Therefore, spent CCP was suitable to 
deposit in the secure landfill.  
 
 
 
 
 

 
 
 
 
 
 
 

 
              
 
 
 

Figure 5 Desorption efficiency of Pb+ and Cd+ 

on CCP 
 

Conclusion 
The results indicated that the optimal condition 
consisted of pH ,  minutes of contacting time, 
 mg/l of initial concentration, and oC of 
temperature. The experimental data were well 
fitted with Langmuir isotherm. It explained that 
Pb+ and Cd+ adsorbed in form of monolayer.   
The adsorption maximum capacities of CCP were 
. mg/g and . mg/g of Pb+ and Cd+, 

 
 

Table 1 Adsorption equilibrium constants obtained from Langmuir and Freundlich isotherms (Pb+) 

 
 

Temperature 
(0C) 

Langmuir  Constants Freundlich  Constants 
qm 

(mg/L) 
b 

(L/mg) 
R2 n 

Kf 
(mg/L) 

R2 

 . . .998 . .9 .987 
 9. .9 .997 . . .99 
 7. .9 .97 .7 .98 .99 

 

Table 2 Adsorption equilibrium constants obtained from Langmuir and Freundlich isotherms (Cd+) 

 
 

Temperature 
(0C) 

Langmuir  Constants Freundlich  Constants 
qm 

(mg/L) 
b 

(L/mg) 
R2 

n 
Kf 

(mg/L) 
R2 

 .99 .78 .9 . .8 .979 
 . . .87 . . .97 
 .78 .9 .8 .7 . .98 

 

The conditions might coexist under the 
experimental conditions, but monolayer adsorption 
was more dominant. Moreover, qm decreased of 
the increasing of the temperature. Therefore, the 
adsorption process of Pb+ and Cd+ using CCP is 

exothermic reaction. In Comparing the maximum 
capacity of Pb+ and Cd+  removal with the 
previous study (shown in Table ), CCP was one 
of adsorbents which is interesting. 

 

Table 3 Comparison of the maximum Pb+ and Cd+ adsorption capacity (qm) of various adsorbents 

Absorbent Adsorbate qm  
(mg/g) 

Reference 
Pb2+ Cd2+ 

Okra wastes /  .7 [] 
Almond shells /   [] 
Luffa cylindica Fiber /  . [] 
Coconut coir pith /  . This research 
Sawdust  / .7 [7] 
Baggasse fly ash  / .9 [8] 
Olive cores  / 7.7 [9] 
Coconut coir pith  / . This research 
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respectively. Then, adsorption kinetics was 
suitable to explain using pseudo-second-order 
model. The results intended that the mechanism 
of Pb+ and Cd+ adsorption by CCP depend on 
the rate controlling step due to chemical sorption. 
In addition, desorption efficiencies were .% at 
.% at  M HCl. The results elucidated that 
spent CCP was suitable to deposit in secure 
landfill because Pb+ and Cd+adsorbed could be 
released very low. 
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respectively. Then, adsorption kinetics was 
suitable to explain using pseudo-second-order 
model. The results intended that the mechanism 
of Pb+ and Cd+ adsorption by CCP depend on 
the rate controlling step due to chemical sorption. 
In addition, desorption efficiencies were .% at 
.% at  M HCl. The results elucidated that 
spent CCP was suitable to deposit in secure 
landfill because Pb+ and Cd+adsorbed could be 
released very low. 
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การออกแบบและสรา้งชดุทดลองปรากฏการณ์โฟโตอิเลก็ทริกจากหลอดแอลอีดี 
Design and Fabrication Photoelectric Effect Experiment Set Using LEDs 
 
อดศิร บรูณวงศ,์1 นิรนัดร ์วทิติอนนัต ์2 
Adisorn Buranawong, NirunWitit-anun  
 
บทคดัย่อ 
การวิจัยน้ีมีว ัตถุประสงค์เพื่อออกแบบและสร้างชุดทดลองปรากฏการณ์โฟโตอิเล็กทริก โดยใช้หลอดแอลอีดีเป็น
แหล่งกําเนิดแสง เพื่อศึกษาปรากฏการณ์โฟโตอิเล็กทรกิและวดัค่าคงที่ของพลงัค์จากชุดการทดลองที่สรา้งขึ้น โดยชุด
ทดลองแบ่งออกเป็น 3 คอื 1)แหล่งกําเนิดแสงแบบหลอดแอลอดี2ี) วงจรไฟฟ้า และ 3) และหลอดสุญญากาศแบบ1P39 
เป็นตวัรบัแสงจากหลอดแอลอดี ีโดยในการทดลองใชก้ลัวานอมเิตอรว์ดัปรมิาณกระแสโฟโตอเิลก็ทรกิใชม้ลัตมิเิตอรแ์บบ
ตวัเลขวดัความศกัย์ไฟฟ้าหยุดยัง้ ผลการทดสอบพบว่าเมื่อฉายแสงตกกระทบกบัหลอดสุญญากาศจะเกดิปรากฏการณ์ 
โฟโตอเิลก็ทรกิขึน้ จากผลการทดลองการออกแบบและสรา้งชุดทดลองดงักล่าว เมื่อให้ความถี่คลื่นแม่เหลก็ไฟฟ้าเพิม่ขึน้
กระแสโฟโตอเิลก็ตรอนและความต่างศกัยห์ยุดยัง้กเ็พิม่ขึน้ แสดงวา่ปรมิาณทัง้สองแปรผนัตรงกบัความถี่ของหลอดแอลอดีี
ส่วนค่าคงที่ของพลงัค์ (h) ที่ได้จากการทดลองเท่ากับ 5.930 x 10-34J.s เมื่อเทียบกับค่ามาตรฐานของพลงัค์มีความ
คลาดเคลื่อนรอ้ยละ 10.46 
 
คาํสาํคญั: ปรากฏการณ์โฟโตอเิลก็ทรกิหลอดแอลอดีคีา่คงทีข่องพลงัค ์
 
Abstract 
The objectives of this research were to design and fabrication of the photoelectric effect using LEDs as light 
sources. The photo electric effect and measuring Planck's constant were investigated from the experimental set 
up. The equipment was divided in to 3 parts as 1) LED bulbs light source 2) electric circuit and 3) 1P39 vacuum 
tube. The galvanometer was used to measure the photocurrent, and the digital meters were used to evaluate the 
stopping voltage. The result showed that when irradiated LED to and vacuum tube, the photoelectric effect was 
appeared. As the electromagnetic wave frequency was increased, the photocurrent and stopping voltage were 
also increased. The resulted showed that the photocurrent and stopping voltage proportional to the frequency of 
electromagnetic waves which implied that both parameters depended on frequency of LEDs. The value of 
Planck's constant (h) from this equipment was 5.93 x 10-34 J.s comparing to the standard Planck's constant of 
6.62 x 10-34 J.s., the percentage error value of the experimental was 10.46 %. 
 
Keyword: Photoelectric effect LEDs light source Plank’s constant 
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